The effects of synthetic food colorants like tartrazine (TTZ), sunset yellow (SY), and erythrosine (ETS) on the binding reaction between ciprofloxacin hydrochloride (CPFX) and bovine serum albumin (BSA) were investigated by fluorescence spectroscopy in the aqueous solution of pH = 7.40. Results showed that CPFX caused the fluorescence quenching of BSA through a static quenching procedure and the primary binding site was located at subdomain IIA of BSA (site I). According to the calculated thermodynamic parameters, it confirmed that CPFX bound to BSA by electrostatic interaction. In addition, the colorants affected the formation of BSA-CPFX complex. This resulted in an increase of the free, biological active fraction of CPFX. The binding distance of BSA-CPFX systems was evaluated according to Förster's theory. Results suggested that the binding distance were increased in the presence of synthetic food colorants.
Introduction
When drugs are absorbed, they enter the circulatory system and bind to serum albumin extensively and reversibly [1] . The effectiveness of drugs depends on their combination abilities. Binding of drugs to serum albumin has significance in pharmacology, since it controls their free concentrations and, as a consequence to the degree and time of action in the body, affects duration and intensity of their effects [2] [3] [4] . In other words, binding to serum albumin will significantly affect the distribution, metabolism, and excretion of drugs. Drugs are subjected to the influences of many factors in vivo, among which dietary habits cannot be ignored. Interactions between diet and drugs reflect the change of pharmacodynamics and the incompatibilities. There are various researches about the influences of sugar, wine, and tea on the efficacy of a medicine [5, 6] . However, researches about the effects of synthetic food colorants on medication have not been reported.
Ciprofloxacin hydrochloride (CPFX, the structure is shown in Figure 1 ) which belongs to the third-generation synthetics of quinolones shows striking potency against enteric Gram-negative bacilli, lesser activity against nonenteric Gram-negative bacilli and staphylococci, and generally marginal activity against streptococci and anaerobes [7, 8] . It has received much attention because of its broad-spectrum pharmacological activities and extensive biological effects. Tartrazine (TTZ), sunset yellow (SY), and erythrosine (ETS, structures are shown in Figure 1 ) are common synthetic food colorants, which are widely used in food like drinks, candies, and in sugar-coated capsules for pharmaceutical preparations [9] . The effects of three synthetic food colorants TTZ, SY, and ETS on the CPFX-BSA complex were investigated by fluorescence spectroscopy in this paper. Results showed that these colorants affected the formation of CPFX-BSA complex and further affected the efficacy of the medicine. The research was of a certain theoretical significance for patients' reasonable diet and clinical medication. F-4500 spectrofluorophotometer. Absorption was measured with a UV-vis recording spectrophotometer (UV-265 Shimadzu, Japan). All pH measurements were made with a pHS-3C precision acidity meter (Leici, Shanghai). All temperatures were controlled by CS501 superheated water bath (Nantong Science Instrument Factory).
Experimental

Materials.
Ciprofloxacin hydrochloride (CPFX) was obtained from Monitor of Chinese Veterinary Medicine (no less than 99.9% pure). Stock solutions (1.0 mM) of CPFX were prepared by dissolving the drug in water. Bovine serum albumin (BSA, 10.0 μM) was purchased from Sigma Company (no less than 99% pure). Tartrazine (TTZ), sunset yellow (SY), and erythrosine (ETS) were purchased from Aldrich (Wisconsin, USA). Stock solutions (0.1 mM) of them were prepared by dissolving the food colorants in water. Warfarin (WF), ibuprofen (IB), and digitoxin (DG) were all obtained from Chinese Institute of Drug and Biological Products. Tris-HCl (0.05 M) buffer solution containing NaCl (0.2 M) was used to keep the pH of the solution at 7.40. NaCl solution was used to maintain the ionic strength of the solution. All reagents were of analytical grade, and doubledistilled water was used throughout the experiments.
According to Steiner, if the absorption values are less than 0.3, the fluorescence intensity is corrected for the absorption of excitation light and reabsorption of emitted light using the following relationship [10] :
where F cor and F obs are the corrected and observed fluorescence intensities, respectively. A ex and A em are the absorbance values of the system at excitation and emission wavelengths, respectively. The fluorescence intensity used in this paper was corrected.
Procedures
Fluorescence
Quenching of the BSA-CPFX Systems. In a typical fluorescence measurement, 1.0 mL of pH = 7.40 Tris-HCl, 1.0 mL of 10.0 μM BSA solution, and 0.0, 0.1, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, and 4.0 mL of 0.1 mM CPFX were added into a 10 mL colorimetric tube successively. The samples were diluted to scaled volume with water, mixed thoroughly by shaking, and kept static for 20 min at different temperatures (298 and 303 K). The excitation and emission wavelengths for BSA were 280 and 342 nm, respectively, with the excitation and emission slit widths set at 5 nm. Meanwhile, we made use of the fluorescence intensity of BSA without any drugs as F 0 to study the quenching effects of CPFX to BSA.
Site Marker Competitive Experiments.
The site marker WF, IB, or DG was, respectively, added to the mixture of the binary systems described above, and the ratio of each site marker and BSA was kept at 1. The procedure was the same as that in Section 2.3.1 above. We made use of the fluorescence intensity of BSA only with site makers as F 0 to study the primary binding site for CPFX on BSA. and 0.0, 0.1, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, and 4.0 mL of 0.1 mM CPFX were added into a 10 mL colorimetric tube successively. The procedure was the same as that in Section 2.3.1 above. Meanwhile, make use of the fluorescence intensity of BSA-food colorants without any drugs as F 0 , to study the effects of synthetic food colorants on the interaction between CPFX and BSA. Then, fluorescence spectra were measured as previously described with different concentration of food colorants (50.0 μM) to discuss the influences of their concentrations on drugs' binding.
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Results and Discussion
Fluorescence Quenching of the Binary Systems.
Proteins are considered to have intrinsic fluorescence due to the presence of amino acids, mainly tryptophan, tyrosine, and phenylalanine. Figure 2 showed that the emission spectra of CPFX and BSA were overlapped. The fluorescence difference spectra of BSA-CPFX system were obtained to eliminate the interference by subtracting the spectra of the CPFX in Figure 3 (A) from that of the corresponding BSA-CPFX in Figure 2 . The results were shown in Figure 3 (B). It can be seen that the addition of CPFX caused a gradual decrease in the fluorescence emission intensity of BSA. The fluorescence intensities of BSA-CPFX system used in this paper were at 342 nm in the fluorescence difference spectra. Fluorescence quenching can occur by different mechanisms; it may be dynamic quenching, resulting from the collisional encounter between the drug and protein, or static quenching, resulting from the formation of a ground-state complex between the drug and protein. Higher temperature would result in faster diffusion and typically the dissociation of weekly bound complexes, leading to larger amount of dynamic quenching and smaller amounts of static quenching, respectively [11] . In order to confirm the quenching mechanism, the fluorescence quenching data are analyzed by the Stern-Volmer equation [12] 
where F 0 and F are the fluorescence intensities in the absence and presence of quencher, respectively. τ 0 is the average lifetime of fluorescence without quencher, which is about 10 −8 s, K sv is the Stern-Volmer quenching constant, K q is the quenching rate constant of bio-molecule, and [Q] is the concentration of the quencher. Based on the linear fit plot of F 0 /F versus [Q], the K q value can be obtained. The calculated results are shown in Table 1 . At different temperatures, the values of K q were much greater than the maximum diffusion collision quenching rate constant of various drugs with proteins (2 × 10 10 M −1 s −1 ). This showed that the quenching was not initiated by dynamic collision but via formation of complexes. In addition, the values of K q decreased with the increase in temperature. This also suggested that the quenching was a static process. When small molecules bind independently to a set of equivalent sites on a macromolecule, the binding constant (K a ) and the numbers of binding sites (n) can be determined by [13, 14] lg
where [Q t ] and [B t ] are the total concentration of quencher and protein, respectively. The curve of lg[(F 0 − F)/F] versus lg{[Q t ]−n[B t ](F 0 −F)/F 0 } is drawn and fitted linearly on the assumption that n in the bracket is equal to 1. The value of n obtained from the slope of the plot is substituted into the bracket and the curve above is drawn again. In that way, the values of n and K a can be obtained by iteration method. The corresponding calculated results were shown in Table 1 . It shows that the value of n was approximately equal to 1, which indicated that there was one class of binding sites of CPFX on BSA. Meanwhile, the values of K a decreased with the increasing temperature, further suggested that the quenching was a static process for the dissociation of bound complexes. 
Type of Interaction
is the quenching rate constant; K a is the binding constant; n is the number of binding site.
by negative ΔH and ΔS [15] . The interaction parameters can be calculated on the basis of the van't Hoff equation [16] ln
The free energy change ΔG at different temperatures can be calculated from
According to the binding constants K a of CPFX to BSA at the two temperatures above, the thermodynamic parameters were obtained. Therefore, the values of ΔH θ , ΔS θ , and ΔG θ were −16.22 kJ mol −1 , 31.32 J mol −1 K −1 , and −25.56 kJ mol −1 (T = 298 K), respectively. The negative value of ΔG clarified an automatic reaction between CPFX and BSA. The negative value of ΔH and positive value of ΔS showed that CPFX mainly bound to BSA by the electrostatic attraction.
Identification of the Binding Sites of CPFX on the BSA.
Crystal structure analysis has revealed that the tertiary structure of serum albumin is composed by three domains: I, II, and III. Each domain is constituted by a cylinder formed by six helices, and each one of these domains is constituted by two subdomains formed by three helices that are covalently linked by their double Cys bridge [17] . The principal regions of ligand binding sites of albumin are located in hydrophobic cavities in subdomain IIA and IIIA [18] . There are three binding sites in albumin, namely, site I, II, and III. X-ray studies suggested that site I and II are located in subdomain IIA and IIIA of albumin, respectively [19] . Many ligands bind specifically to serum albumin, such as WF for site I, IB for site II, and DG for site III [20, 21] . In order to identify the binding location of CPFX on BSA, site marker competitive experiments were carried out using some drugs mentioned above.
The binding constants of systems in the presence of site marker (WF, IB, and DG, resp.) K a were obtained according to Section 2.3.2. The ϕ 1 represents the rate of change of binding constants for systems after adding site markers. It was determined using
where K a is the binding constant of the BSA-CPFX systems in the absence of site markers. Table 2 gives the corresponding calculated results. The values of ϕ 1 were all negative, indicating the binding constants of the binary systems in the presence of site markers were decreased. The most descendent were the systems with adding WF, indicating the presence of competition for the same binding site of BSA when WF and CPFX coexist. The above experimental results demonstrated that the binding of CPFX to BSA was mainly located within site I (subdomain IIA). spectra and difference spectra of BSA-CPFX system in the presence of synthetic food colorants (such as SY) are illustrated in Figure 4 . We studied effects of TTZ, SY, and ETS on the binding constants between CPFX and BSA according to (3) . The ϕ 2 represents the rate of change of binding constants with synthetic food colorants added in BSA-CPFX system. It was determined using
Effects of Synthetic Food Colorants on the Binding Con
where K a is the binding constant of the BSA-CPFX system in the presence of synthetic food colorants. Table 3 gives the corresponding calculated results. The negative ϕ 2 values showed the synthetic food colorants made the formation of BSA-CPFX more difficult. This was attributed to the site I for food colorants and CPFX on BSA. The food colorants could compete with CPFX for the binding sites from BSA. Meanwhile, the combination abilities of these synthetic food colorants with BSA were stronger than CPFX with BSA. Probably, food colorants induced the release or displacement of CPFX from its binding sites in BSA, and hence the free, biological active fraction of CPFX increased. The values of ϕ 2 increased in following order: ETS < TTZ < SY, suggesting the influences of food colorants on the BSA-CPFX complex followed the pattern: ETS > TTZ > SY. These results indicated that the increase of the combination ability of food colorants to BSA might enhance the competition with BSA and deepen the influences of food colorants on the formation of BSA-CPFX complex. The values of ϕ 2 were much smaller with the increase in the concentration of food colorants. It showed that the competition of food colorants and CPFX was enhanced and the free fraction of CPFX further increased. In addition, all systems had a good linearity. The presence of the synthetic food colorants did not affect the number of binding site of BSA-CPFX system, which was still about 1.
Binding Distances between the Drugs and BSA in the
Absence and Presence of Synthetic Food Colorants. The overlap of UV-vis absorption spectra of CPFX with the fluorescence emission spectra of BSA and BSA-synthetic food colorants (such as SY) were shown in Figure 5 . According to Förster's theory, the energy donor and the energy acceptor distance r is related with the critical energy transfer distance R 0 and energy efficiency E can be calculated by the formula [22] :
where K 2 is the orientation factor, Φ is the fluorescence quantum yield of the donor, N is a refractive index of the medium, J is the overlap integral between the fluorescence emission spectrum of the donor and the absorption spectrum of the acceptor, and J is given by [23] 
where F(λ) is the fluorescence intensity of the fluorescence donor at wavelength λ and ε(λ) is the molar absorption coefficient of the acceptor at this wavelength. Under these experimental conditions, it has been reported that K 2 = 2/3, N = 1.336, and Φ = 0.118. Thus, J, E, R 0 , and r were calculated as shown in Table 4 . The fluorescence of BSA comes from the tryptophan residue 212 in subdomain IIA [24] , so r is the distance between binding sites and this residue. Tryptophan residue is situated in the hydrophobic cavity of BSA, thus fat-soluble drugs have an easier access to the cavity to form complexes with BSA. CPFX is water soluble and difficult to enter the cavity and the binding position is relatively far from this tryptophan. So the values r are greater than the hydrophobic drug of Ligustrazine Hydrochloride (r = 1.8 nm). It appeared that the binding distances decreased in following order: r (BSA-ETS-CPFX) > r (BSA-TTZ-CPFX) > r (BSA-SY-CPFX) > r (BSA-CPFX) . Furthermore, with the increase of concentration of colorants, the values of r increased. These results indicated that the binding stability of BSA-CPFX complex decreased in the presence of synthetic food colorants.
Conclusions
Coadministration of two ligands may influence each other's binding with protein. The binding constant of BSA-CPFX system was decreased, and the binding distance was increased in the presence of synthetic food colorants TTZ, SY, and ETS. Hence, the free fraction of CPFX was increased, and the efficacy of CPFX would be affected. Consequently, to avoid the competition between food colorants and drugs, food containing synthetic colorants should be minimized or forbidden during application of CPFX. This paper studied only the influences of three widely used synthetic colorants TTZ, SY, and ETS on the efficacy of a common quinolones CPFX. However, the influences of other pigments and those illegally added pigments such as sudan red and bromocresol green on the drugs, which contribute to common diseases like hyperlipemia, hyperlipidemia, cancer, and diabetes, were not proved, and therefore, further research is expected.
